A test program was perfornied to determine the highest pressure in oxygen where materials used in the planned NASA Constellation Program Orion Crew Exploration Vehicle (CEV) Crew Module (CM) would not propagate a flame if an ignition source was present. The test methodology used was similar to that previously used to determine the maximum oxygen concentration (MOC) at which self-extinguishment occurs under constant total pressure conditions. An upward limiting pressure index (ULPI) was determined, where approximately 50 percent of the materials self-extinguish in a given environment. Following this, the maximum total pressure (MTP) was identified; where all samples tested (at least five) self-extinguished following the NASA-STD-6001.A Test 1 burn length criteria. The results obtained on seven materials indicate that the non-metallic materials become flannnable in oxygen between 0.4 and 0.9 psia.
Introduction
The Environmental Control and Life Support Systems (ECLSS) of the Crew Exploration Vehicle (CEV) Crew Module (CM) is designed for a leak rate equivalent to a '/4-in. hole to maintain a cabin pressure of 8 psia for one hour, during which the astronauts would don their space suits. The crew would then breathe 100 percent oxygen from the space suit oxygen supply while the cabin is allowed to depressurize towards vacuum. Ultimately, the only gas in the CM cabin would be oxygen at near vacuum pressures from suit leakage. The concern is that cabin materials might be more flaminable in oxygen at near vacuum pressures than in the CEV cabin materials certification environment of 30 percent oxygen at 10.2 psia. Therefore, this program was conducted to determine the highest pressure in nearly 100 percent oxygen at which typical spacecraft materials are still self-extinguishing-
III.

Experimental Apparatus
The materials evaluated included plastics (polysulfone and a polyvinylchloride/polymethylmethacrylate alloy), an epoxy/fiberglass laminate, an aramid fabric, films (polyetherinude and polyethylene terephtalate), and a polvimide foam. These are summarized in Table L All samples were 2.5-in. wide and 6-in. long." The Nomexef samples were tested as a single layer with a double-rolled hem on the bottom and side edges. The equipment used and the experimental approach were similar to previous experiments. ' Pressure flammability threshold tests were conducted in a quiescent enviromnent in a closed 1400-L flammability chamber connected to vacuum, oxygen, and nitrogen supplies. The testing was conducted in 99.8 percent oxygen, sequentially following the "up-and-down method for small samples" and using a step size of 0.1 PSI _2 The NASA-STD-6001 Test 1 3 burn length criterion was used; a sample was considered self-extinguishing if its bum length was less than 6 in. The upward flammnability limiting pressure indices (ULPIs) were evaluated statistically; the ULPI represents the total pressure at which a material passes the NASA-STD-6001 Test 1 burn length criteria approximately half the time. The maximum total pressures (MTPs) that consistently resulted in self-extinguishment, i.e., where all samples (at least five) pass the Test 1 burn length criterion, were also determined.
To determine its suitability, the ignitibility of the standard chemical igniter used in NASA flammability tests under low pressure conditions was investigated. In 99.8 percent oxygen, the chemical igniter had an ULPI of 0.783 psia and an MTP of 0.7 psia. Since testing needed to be conducted at pressures below 0.7 psia. a hot-wire ignition source was used instead. The ignition source consisted of a 6-in. long 20 AWG Ni Chrome wire wound into four coils oriented horizontally with two coils touching the bottom of the sample on each side. A 13.7 A current was applied and the igniter coil was maintained red-hot for approximately 25 s.
IV.
Results and Discussion The data obtained are summarized in Table 2 . For the materials tested, the flammability pressure threshold was in the range of 0.4 to 0.9 psia. The material with the lowest MOC at 10.2 psia (Melinex $ 515) also had the lowest MTP. Otherwise, for the materials tested (which had MOCs in the range of 24 to 32 at 10.2 psia), there was no correlation between the MOC and MTP. The results show that CEV CM materials may be flammable in oxygen at pressures as low as 0.4 psia and that the pressure should be kept below 0.4 psia to ensure they are still selfextinguishing. Although no data existed previously, this pressure threshold is appreciably lower than had been expected based on general testing experience, including the failure of the standard chemical igniter to burn below 0.7 psia.
V. CONCLUSIONS AND RECOMMENDATIONS
Parametric flammability thresholds other than oxygen concentration can be determined with the methodology proposed for evaluating the maximum oxygen concentration (MOC) when extinguishment occurs under given conditions. ' In this case, -I threshold in 99.8 percent oxygen was determined by the methodology and found to be 0.4 to 0.9 psia for typical spacecraft materials. Correlation of flammmability thresholds obtained with chemical, hot wire, and other ignition sources will be conducted to provide recommendations for using alternate ignition sources to evaluate flammability of aerospace materials.
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" NASA-STD-600 LA Test 1 uses a 12-in. long sample. Since insufficient material was available for all samples to be 12-in. long ; 6-in. samples were used, which won't impact the value of MTP. At the MTP, none of the samples burned more than 1-in. t Nomex is a registered trademark of E. I. du Pont de Nemours and Company, Wilmington, Delaware. $ Melinex is a registered trademark of Imperial Chemical Industries Limited Corporation, Great Britain Imperial Chenucal House, London, England. 
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